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Overview

.LULI 100TW laser chain upgrade with OPCPA
.3 microns OPCPA chain

.Protontherapy
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LULI 200 TW laser chain
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Current OPCPA work

Pompe 532 nm, 30 mJ
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1057 nm OPCPA : 15t stage

As =1057 nm
A, =1071.1 nm
Ap =532 Nm

E, =120 mJ,

=

crystal: BBO, 3-BaB,0,
BBO_1, (type 1) : 6 =22,9° ¢ =0° T =300 K, Lo =3 mm
BBO_2, (type 1) : 6=22,9° ¢ =0° T =300 K, Lo =3 mm

v
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1057 nm OPCPA : 2" stage

As = 1057 nm
A, =1071.1 nm
Ap =532 M

= Compressor
LBO 1 LBO 2 3 mJ/400 fs

A 4

Crystal: LBO, LiB;0;
LBO (type I, Plan XY) : 6 =90° ¢ =11,6°, T = 300 K, L = 10 mm
LBO (type I, Plan XY) : 6 =90°, ¢ = 11,6°, T = 300 K, L = 10 mm
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100TW laser chain upgrade
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Stage 1

LUCIA E, =200 mJ OCPA Preamps
1030 nm, 1.5 ns, » LBO
10 Hz, 200 mJ $»=5,7mm As =1057 nm
A, =1004.3 nm
Ap =515 nNm
E,=100mJ
Oscillator ¢ =5.7mm

1057 nm, 100 fs

E,=45mJ
‘ E,=35nJ, 1.5 ns ‘ E.=16mJ
Stretcher — KNbO, 11— —.‘ KNbO, 2 ;
¢ =3.5mm
E,=10m]

LBO: T=500K, 6 = 84,9°
KNbO, 1: T=300K, 6 = 14,4°, ¢ =0°, L = 15 mm |
KNbO, 2: T=300K, 6 =14,4°, ¢ =0° L =17 mm
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Stage ?

LUCIA
1030 nm, 1.5 ns, OPCPA
10 Hz, 100 ]
As =1057 nm
E,=100J 1 A, =1004.3 nm
Ap =515 nNm
YCOB
E,=501J E,=45J,¢=91mm
l E.=5J, ¢ = 30,4 mm E=71 Compressor
» KDP_1 ) ———— KDP_2 7 J/100 fs
Signal ~
1057 nm, 1.5 ns, 16 mJ E=1J ~70TW

YCOB: T =500 K, 6 =150,9°
KDP_1 (type I): T=300 K, 6 =41°, ¢ =0° L, =86 mm

KDP_2 (type I): T=300K, 6 =41°, ¢ =0° L.,=67 mm
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100 TW upgrade without waiting for LUCIA LUC?A

Self pumped architecture

Phi 108 — 100 J— | compressor 300 fs

Oscillator 1057 nm
100 fs, ~80 Mhz, pJ

—> | stretcher T—> | Preamps <:

Phi 108 — 100J

l

Frequency doubling
~Jouvence 100 TW l

60J, 527 nm

l

OPCPAs |— 10 J, 30 fs (<100 fs)

v

Spectral broadening => 30 fs | —» | stretcher
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Scheme 1 (dLAP&KDP)

E, =56
) = 1064 NM \
A, =1044 nm
Ap =527 N E,=4J,
¢ =33 mm
E, =1] Es=720mJ

E.=9mJ Eq =547 mJ

Crystal dLAP: Lithium Arginine Phosphate
dLAP_1 (type I, plan XY) : 6 =90°, ¢ =23,3°, T = 300 K, L =20 mm
dLAP_2 (type I, plan XY) : 6 =90°, ¢ =23,3°, T = 300 K, Lo =10 mm

%’ r’ 3rd International Workshop on High Energy Class Diode Pumped Solid State Lasers

Livermore, CA, USA, May 17-19 2006

v



Scheme 1 (dLAP&KDP)

E, =56

N

E, =56,
¢ =123 mm

E,=11J, ¢ =56 mm

Eq=720mJ

KDP, |

A &

V

KDP, |

A =1064 nm
A, =1044 nm
Ap =527 nm

E =10.25]

Compressor

E<=851J

Crystal KDP: KH,PO, Potassium dihydrogen Phosphate
KDP type I, 6 =41,1°, T =300 K, L =45 mm
KDP type I, 6 =41,1°, T =300 K, L = 36 mm

V474

A NS | ) )5 /100 fs
~ 100 TW
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Scheme 2 (dLAP,KDP&YCOB)

E, =56
) = 1064 NM \
A, =1044 nm
Ap =527 N E,=4J,
¢ =33 mm
E, =1] Es=720mJ

7

E.=9mJ Eq =547 mJ

Crystal dLAP: Lithium Arginine Phosphate
dLAP_1 (type I, plan XY) : 6 =90°, ¢ =23,3°, T = 300 K, L =20 mm
dLAP_2 (type I, plan XY) : 6 =90°, ¢ =23,3°, T = 300 K, Lo =10 mm
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Scheme 2 (dLAP,KDP&YCOB) MMe /)

/
A 4

B As =1064 nm
EP_—S;O J, A, = 1044 nm
d =52 mm Ap =527 nm

\ 4

KDP, | \

E.=720mJ Es=23J

/
\ 4

Crystal KDP: KH,PO, Potassium dihydrogen Phosphate
KDP type I, 6 = 41,1°, T = 300 K, L. =30 mm Y
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Scheme 2 (dLAP,KDP&YCOB) M/

E, =461
\ Ag = 1064 nm
A, =1044 nm
Ap =527 nm
E, =461,
¢ =112 mm
_ E.=101J
E, =16 ° Compresseur
SR SRR R S 10 J/100 fs
Eg=23J E.=8) ~ 100 TW

Crystal YCOB: YCa,0(BOj); Yttrium Calcium Oxyborate
YCOB_1 (type I, plan XZ), 6 =149,7°, ¢ =0°, T = 300 K, L =31 mm
YCOB_2 (type I, plan XZ), 6 =149,7°, ¢ =0°, T = 300 K, L =24 mm
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Scheme 3 (dLAP&YCOB)

E, =56
) = 1064 NM \
A, =1044 nm
Ap =527 N E,=4J,
¢ =33 mm
E, =1] Es=720mJ

7

E.=9mJ Eq =547 mJ

Crystal dLAP: Lithium Arginine Phosphate
dLAP_1 (type I, plan XY) : 6 =90°, ¢ =23,3°, T = 300 K, L =20 mm
dLAP_2 (type I, plan XY) : 6 =90°, ¢ =23,3°, T = 300 K, Lo =10 mm
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Scheme 3 (dLAP&YCOB) LUCTA

E, =561
\ Ag = 1064 nm
A, =1044 nm
Ap =527 Nm
E, =561,
¢ =123 mm
_ E,=9.7]
B, =22.26 Compresseur
S NS SRR 9.7 J,100 fs
Eg= 720 mJ E. = 6,80 ~97 TW

Crystal YCOB: YCa,O(BOj); Yttrium Calcium Oxyborate
YCOB_1 (type I, plan XZ), 6 = 149,7°, 9 =0°, T = 300 K, L =42 mm
YCOB_2 (type I, plan XZ), 6 = 149,7°, ¢ = 0°, T = 300 K, L =27 mm
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Teramobile is a Lidar (LIght Detection
and Ranging) program jointly funded by
CNRS & DFG since 1999:

- Two French laboratories (LASIM, LOA)

- Two German laboratories (Berlin &
Jena)

10 3 I | | |
g ] White light generation through
= 11 f CH SPM with Teramobile u
A 0173
g ] / H O
é 0.01 A’ 2
& ) I
1E-3 l cQoVv
1E-4 v ‘
4 "'
1E-6 -- T T
0,5 1.0 1.5 2.0 2.5 3.0 35
Wavelength (um)
350 mJ Vibrational frequency (C-H) of
70fs—5TW Light Organic Components (LOC)
793 nm =3.3 um.
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http://pclasim47.univ-lyon1.fr/teramobile.html

3um OPCPA Scheme 1 (KNbO,&LINDO,)

A = 1550 nm
A, =3070.2 nm
- XP e EP =100
E, =100 mJ,
¢ =3 mm
E,=55m]
v E,=12mJ
E.=5pJ, ¢ =2mm E=7m

v \ 4
KNbO, 1, (type I): 6=42.1°, 9 =0°, T=300K, L. =37 mm
KNbO, 2, (typel): 6=42.1°, 9 =0°, T=300K, L. =27 mm
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3,1m OPCPA Scheme 1 (KNDO.&LINDO.) wcla

E, =100
Ag = 1550 nm E, =90
A, =3070,2 nm
Ay = 1030 nm £, =101,
¢ =23 mm
E, =3
E,=11J
\ » LiNbO, 1 \ | LiNbO, 2 \ -
E, =12 m)J E, =800 mJ

v v

LiNbO, 1, (type I) : ©=46,1°, 9 =0°, T =300 K, L. = 14 mm
LiNbO, 2, (type I) : © = 46,1°, 9 =0°, T = 300 K, L. = 18 mm
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3,im OPCPA Scheme 1 (KNbO.&LINDO.) Lucta

E, =90
\ A = 1550 nm
A, =3070.2 nm
Ap =1030 nm
E, =901,
¢ =70 mm
B, =36 Compressor
V LiNbO, 3 \ LiNbO, 4 10 J/100 fs
E,=11J £ =7 ~ 100 TW

LiNbO, 3, (type 1) : 6 = 46,1°, ¢ = 0°, T = 300 K, L. = 26 mm
LiNbO, 4, (type I) : 0 = 46,1°, ¢ = 0°, T = 300 K, L = 28mm
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3,m OPCPA Scheme 2 (KNDO,&LINDO,&KTP) e/

Ag = 1550 nm
A, =3070.2 nm
Ap = 1030 nm
E, =100 mJ,
¢ =3 mm
E, =55mJ
. v EI =12mJ
E,=7mJ

Es=5p]

v

KNbO,_1, (typel) : 6 =42.1°, 9 =0°, T =300 K, L, = 37 mm
KNbO;_2, (type 1) : 6=42.1°, 9 =0° T =300 K, L =27 mm
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3,.m OPCPA Scheme 2 (KNbO,8LINDO,&KTP) twila

E, =100

\ EP =90
A = 1550 nm
A, =3070,2 nm
E,=101J ! ’
’ A, = 1030
6 =23 mm P ”m

E, =3 E,=11J

\ LiNbO, 1 \ LiNbO, 2 \

E, =12 m] E, = 800 m]

A 4
A 4
v

LiNbO, 1, (type I) : 0 =46.1°, 9 =0°, T =300 K, L. = 14 mm
LiNbO, 2, (type I) : 0 =46.1°, 9 =0°, T = 300 K, L. = 18 mm
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3m OPCPA Scheme 2 (KNDO,&LINDO.,&KTP) e/

E,=90]
\ Ag = 1550 nm
A, =3070.2 nm
Ay =1030 nm
E,=90],
¢ =57 mm
B, =35 Compressor
%. KTP 1 \ KTP 2 11 J/100 fs
E,=11J E =8 ~110 TW

v
v

KTP_1 (type I1), 0 =44.4°, ¢ =0°, T = 300 K, Lo =26 mm
KTP_2 (type Il), 6 =44.4°, 9 = 0°, T =300 K, L = 40 mm
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OPCPA ~3 um for LIDAR

Si I . Si I .
LiNbO3 1é%rcl)anm LINbO3 1é%rcl)anm LiNbO3 Idler
Oscillator signal / KNbO3 i / KNbO3 - / KNbO3 —
100 fs S . Chirp<0 Chirp<0 7\’ — 31 Mm

N L S Chip>0

— I~ —a -10J /100 fs

~100 TW
10 Hz

500 mW Chirp<0 \
: S

Pump
1030 nm

100 mJ

Pump
1030 nm

90 J Signal
A=3,3um
. Chirp>0
:’ S p
Oscillator signal Idler Idler "'10 J / 25 fS
25 fs 400 785 nm 1500 nm 3300 nm
o Sl BBO Chirp<0 LiNbO3 Cilp=9 LiNbO3 ~400 TW
(Non-collinear) >10 mJ / KNbO3 ~1J / KNbO3 10 HZ
{ |
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Protontherapy

ions

L e —

— = ."
- N y vt % bl
i X-RAY BEAM . PROTON BEAN
plasma X rays are interacting Proton beams reach the
with tissues on the path tumor without previous
towards the tumor interaction and with high
precision

To go through dense tissues, 250 to 300 MeV proton beams are required
Protons need to be produced at a somehow high rep rate (~10 Hz)
A solution could be a laser :~ 300 fs / 100 J / 10 Hz ¥

DPSSL are offering such perspectives

% J. Fuchs, Nature Physics, volume 2, issue 1, pp 48-54 (2006).
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Protontherapy

Laser-driven proton scaling laws and new
paths towards energy increase
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Protontherapy
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Build a laser with a laser
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